P
oor muscle strength and power are risk factors for mobility limitation, falls, and subsequent loss of independence [1] [2] [3] . Muscle strength is partly determined by genetic factors 4 , but it is also highly dependent on muscle use 3, [5] [6] [7] . Inactivity decreases muscle strength, which often parallels a decrease in muscle mass 6, 7 . Pain [8] [9] [10] , disease 3, 10, 11 , and injury [12] [13] [14] have also been associated with a reduction in muscle strength and mass. Pain may lead to the avoidance of activity 15 and thereby cause a reduction in muscle strength. As muscle power takes into account the rate of force production, it may be less dependent on muscle mass 16 , yet it is influenced by disease, injury, and pain 11, 17 , as is muscle strength, although this has not been studied extensively.
Studies in relatively healthy older women have shown that a large asymmetrical deficit in leg extension power is related to mobility limitation 18 and frequent 19 and injurious falls 20 . Since certain diseases such as osteoarthritis 21, 22 , injury such as hip fracture 17, 23, 24 , and pain 17, 21, 25 may affect only one limb, there may be a local effect on muscle strength and power potentially causing a large asymmetrical deficit between the lower limbs.
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explored the asymmetrical deficit in muscle strength and power in patients at six months to seven years after a hip fracture to determine the potential factors underlying the asymmetrical deficit. We hypothesized that an asymmetrical muscle strength and power deficit would be due to more intense pain, higher disease and injury burden, and poorer muscle mass in the limb on the same side. As the prevalence of hip fracture increases with age, comorbidity in both lower limbs is likely, and therefore the fractured side may not always be the weaker side 13, 26 .
Materials and Methods

Study Design and Participants
T his study is based on the baseline data of a larger study investigating health, functional ability, and rehabilitation in people with a history of a hip fracture (Current Controlled Trials web site, ISRCTN34271567).
The patient records of the local central hospital were utilized during 2004 and 2005 to recruit men and women between sixty and eighty-five years old who were living in the community and had sustained a femoral neck or intertrochanteric fracture from six months to seven years earlier. A letter describing the study was sent to all 452 patients living in the catchment area of the local health-care district. A total of 193 patients responded, and 132 of them, who had expressed initial interest, were interviewed over the telephone to ensure eligibility. The patients who were unable to move outside the home without assistance from another person or had severe progressive or neurological disease or a lower-limb amputation were excluded. All seventy-nine remaining eligible patients (fifty-four women and twenty-five men) participated in the examinations. The study was approved by the ethics committee of the Central Finland Health Care District, and the subjects gave their written informed consent prior to participating in the study. The patients received routine care following the hip fracture, which entailed physiotherapy during the stay in the hospital or health-care center. At the time of discharge, patients received written instructions on weight-bearing allowance and home exercises. No follow-up visits to a physiotherapist were arranged routinely.
Health Assessment
A physician and a research nurse performed a thorough clinical examination prior to the laboratory assessments. The physician used self-reported questionnaires, medical records of the local hospital and medical care facilities, and a clinical examination to confirm the presence of previously diagnosed chronic conditions. The number of chronic diseases present for at least three months was calculated as an indicator of comorbidity. The presence of osteoarthritis and fractures was specified for each limb and joint. The use of pain medication prescribed by a physician was transcribed from current prescriptions and was registered as a dichotomous variable (yes or no).
Characteristics of the hip fracture and the operative treatment were collected from the medical records of the orthopaedic department of the hospital. The cause of the hip fractures was a fall at ground level (66%) or from a higher level (17%) or other causes such as a bicycle or car accident (18%). The number of days between the date of the hip fracture and August 1 of the year the strength measurements were made (2004 or 2005) was calculated and used as the variable for time elapsed since the hip fracture. All data were collected within two to five weeks from this date.
Additionally, contraindications for participation in the muscle strength assessment were evaluated by the physician during the clinical examination using the criteria of the American College of Sports Medicine 27 . Contraindications included unstable coronary artery disease, uncontrolled hypertension, recent intracranial hemorrhage, and aneurysm of the abdominal aorta as well as musculoskeletal disorders, which could potentially progress because of testing. In addition, acute conditions such as infections (e.g., acute respiratory or urinary tract infection) were evaluated to ascertain safe participation in the laboratory measurements. Contraindications for the muscle strength assessments were checked for each lower limb separately. In the clinical examination, five participants were found to have contraindications for participation in all strength and power tests for both limbs and one participant had contraindications for both types of tests in one limb. Additionally, seven participants had contraindications for the leg extension power test only, in both limbs.
Lower-Limb Muscle Strength
Three measures of muscle strength were assessed for both lower limbs: maximal voluntary isometric knee extension torque, the rate of force development over the first 200 ms of the isometric contraction, and leg extension power. Alternate participants were tested first on the fractured or on the nonfractured side.
Maximal voluntary isometric knee extension force, which does not involve any movement, was assessed in both lower limbs with use of an adjustable dynamometer chair (Good Strength; Metitur, Jyräskylä, Finland). The ankle was attached to a strain-gauge system with the knee angle fixed at 60°from full extension. The participants were encouraged to extend the knee as vigorously as possible. After two to three practice trials, measurements were performed at least three times until no further improvement occurred. Each contraction was maintained for two to three seconds. The intertrial rest period was thirty seconds. The performance of the highest maximal force was used for analysis. Maximal knee extension torque (in newton-meters) 28 was used for analysis and was calculated with use of the formula: force in newtons · (chair lever arm in meters · cos 30°). In addition, the maximal rate of force development over the first 200 ms of the contraction (in newtonmeters per second) was calculated. The test to assess isometric knee extension strength is widely used and is safe in older people 5 . The test-retest precision with a two-week interval is a mean (and standard deviation) of 6% ± 6% for knee extension force in our laboratory 5 . Leg extension power (in watts), the product of force and velocity, was measured in both lower limbs with use of the Nottingham power rig 29 . The seat position was adjusted for limb length. The participant was seated with his or her arms folded, and one foot was placed on the pedal attached to a flywheel, while the other foot rested on the floor. After two to three practice trials, participants were asked to push the pedal as hard and fast as possible five to ten times, until no further improvement occurred. The intertrial rest period was at least thirty seconds. The best performance was used for analysis. Because of pain or limitations in range of motion of the knee or hip in the sitting position suggested by the manufacturer, seven patients with a hip fracture were allowed to sit with their backs leaning on the backrest and one patient was seated on a 7-cm-high cushion. The same position was used for both sides, and thus the sitting position did not affect the asymmetrical deficit. The muscle power measurement with the Nottingham power rig has been validated and found to be safe and acceptable among older people 29 . The test-retest precision with a one to two-week interval in our laboratory is a mean of 8% ± 7% 4 . In addition to the participants with contraindications for testing as determined in the clinical examination, two participants were not able to have a valid assessment of force and power because of pain or poor cooperation during the assessment. One participant was unable to perform the strength test, and one participant was unable to perform the power test. Additionally, three participants were unable to perform the power test on one side because of pain or limitation in range of motion. If pain occurred after at least one score was obtained, this value was used as maximal performance.
Characteristics of the Lower Limbs and Asymmetrical Deficit
For the muscle strength measures (knee extension torque, rate of force development, and leg extension power) assessed for the fractured and the nonfractured limb, the asymmetrical deficit ([fractured limb/sum of both limbs] · 100%) was calculated. A value of 50% represents equal strength in both limbs, indicating no asymmetrical deficit. Values of <50% indicate poorer strength in the fractured limb.
Pain in the hip and knee of each lower limb during the previous week was determined with use of a visual analogue scale (range, 0 to 100 mm) 22 . The pain scores of the hip and knee of the same limb were summed and used as a pain measure for the respective limb. The difference between the limbs (nonfractured limb -fractured limb) was used as a measure for asymmetrical lower-limb pain in the analyses.
To describe the burden of disease and injury of each lower limb, we summed the number of joints (hip or knee) affected by osteoarthritis and the number of fractures in the upper part of each lower limb. The hip fracture was included in the calculation. The difference between the limbs (nonfractured limb -fractured limb) was used as a measure for asymmetrical lower-limb disease and injury burden.
The muscle mass of each lower limb was estimated with use of a computerized bioimpedance device with eight polar electrodes (BC-418; TANITA, Tokyo, Japan) 30 . The algorithm provided by the manufacturer incorporates impedance, age, and body height and provides separate body mass readings for different body segments. The subjects were requested to avoid exercise or sauna within twelve hours of the laboratory measurements as well as to refrain from alcohol intake for twentyfour hours. During the measurements, the participants were instructed to stand still on a scale platform with bare feet while holding the handgrips. The difference in muscle mass between the limbs (fractured limb -nonfractured limb) was used as a measure for asymmetrical lower-limb muscle mass.
The asymmetrical measures of lower-limb pain, lowerlimb disease and injury burden, and lower-limb muscle mass were calculated with use of the formulas to obtain positive correlations between the asymmetrical strength deficit and the other asymmetrical measures.
Other Participant Characteristics Body height and weight were measured with use of standard protocols in the laboratory. Lean body mass was assessed with use of the bioimpedance device (BC-418; TANITA).
Maximal voluntary isometric handgrip strength of the dominant hand was assessed with use of an adjustable dynamometer chair (Good Strength; Metitur) and was used as an indicator of general strength 5 . In the assessment, the dynamometer was fixed to the arm of the chair with the elbow flexed to 90°. The participants were encouraged to squeeze the handle as hard as possible. The testing protocol was the same as for the isometric knee extension force assessment.
The level of physical activity was assessed by an interview with use of the Yale physical activity questionnaire 31 . The questionnaire includes a physical activity dimension sum index, which is the summation of five weighted subindices. The participants were asked how many times they had performed vigorous physical activity (a weight of 5) and leisure walking (a weight of 4) during the past month and the duration of each physical activity session. The frequency, duration score, and weight of the respective activity were multiplied. Additionally, the participants were asked to estimate the duration of the time spent moving around (a weight of 3), standing (a weight of 2), and sitting (a weight of 1) on an average day in the past month. The duration scores were multiplied by the weight of the respective activity.
Statistical Analysis
Initially, all analyses were performed separately for men and women. Since the results were similar for men and women, only the pooled analyses are reported.
Because of missing values, seven patients who were without any strength measures were not analyzed. Two additional participants were dropped from all analyses of knee extension torque and rate of force development, and eleven participants were dropped from all analyses of leg extension power. In the group analyses, one participant with knee extension torque and rate of force development measures in one limb only and four participants with leg extension power measures in one limb only were included; the limb not measured because of pain or limitation in range of motion was considered to be the weaker limb. Including or excluding these participants did not materially change the results; therefore, the results are reported with all participants included. An estimation of lower-limb muscle mass was unavailable for ten patients with a hip fracture because of the use of a cardiac pacemaker or technical error.
Differences between the lower limbs were tested with use of the paired-sample t test (parametric variables) or Wilcoxon signed-rank test (nonparametric variables). Multiple linear regression analysis was used to predict asymmetrical deficits in knee extension torque, rate of force development, or leg extension power, respectively, in three separate models. The asymmetrical lower-limb pain, lower-limb disease and injury burden, and lower-limb muscle mass variables were entered at the same time as predictors in the models. The models were also adjusted for potential confounders: age, sex, time since fracture, type of fixation of the hip fracture, and prescribed pain medication. The variables were entered one at a time as the sample size did not allow for simultaneous inclusion.
The patients with a hip fracture were also stratified on the basis of the asymmetrical deficit in knee extension torque, rate of force development, and leg extension power. The participants with a consistent asymmetrical strength deficit in the fractured limb (<50% for all measures) were compared with those with either no asymmetrical deficit or a deficit in the nonfractured limb for at least one of the muscle strength measures. Group differences in participant characteristics were tested with use of chi-square tests and independent t tests. The ordinal scale variable for lower-limb disease and injury burden was tested with a Mann-Whitney U test, and, because of a slight distortion in the distribution of the lower-limb pain measure on the nonfractured side, the lower-limb pain measure was tested with the independent t test and the Mann-Whitney U test. Significance was set at p < 0.05. *The values are given as the mean and the standard deviation, except where otherwise noted. †Asymmetrical knee extension torque, rate of force development, and leg extension power were calculated with the formula: (fractured limb/sum of both limbs) · 100%. Asymmetrical lower-limb muscle mass was calculated as the difference in muscle mass between the limbs (fractured limb -nonfractured limb). Asymmetrical lower-limb pain and lower-limb disease and injury burden were calculated as the difference between the limbs (nonfractured limb -fractured limb). ‡The difference between the limbs was tested with the paired t test. §The difference between the limbs was tested with the Wilcoxon signed-rank test. #The values are given as the median with the range in parentheses.
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Results
Participant Characteristics
T able I displays the characteristics of the hip fracture patients. They were an average of 75.3 ± 6.7 years old, and an average of over four years had passed since the hip fracture. The hip fracture was treated surgically with osteosynthesis in Fig. 1 The means and standard deviations of the characteristics of the fractured and the nonfractured limb in participants with the absence or presence of a consistent asymmetrical deficit on the fractured side (the fractured limb was weaker than the nonfractured limb in all muscle strength measures; asymmetrical deficit scores were <50%). Group differences (independent t test) are indicated with horizontal lines. For knee extension torque (a), rate of force development (b), and leg extension power (c), the means and standard deviations of the asymmetrical deficit are noted on the bases of the bars. For lower-limb muscle mass (d) and lower-limb pain (e), the means of the asymmetrical measures are noted similarly.
thirty-seven patients (47%) and with arthroplasty in forty-two patients (53%). Twenty-two patients (28%) used pain medication prescribed by a physician.
Characteristics of the Lower Limbs and Asymmetrical Deficit
On the average, the fractured limb was significantly weaker and more painful than the nonfractured limb (Table II) . Also, the overall disease and injury burden was significantly larger in the fractured than in the nonfractured limb (p < 0.001).
Participants with a consistent asymmetrical deficit on the fractured side did not differ from those without one with regard to any of the participant characteristics (p > 0.06). The measures of lower-limb muscle strength and mass of the fractured limb were not significantly different between the groups (Fig. 1) . However, for the nonfractured limb, the knee extension torque and the rate of force development were significantly lower in the group without a consistent asymmetrical deficit. For leg extension power, the nonfractured limb was not significantly different between the groups. The muscle mass of the nonfractured limb tended to be smaller in the group without a consistent asymmetrical deficit (p = 0.098). Lower-limb pain levels in the fractured and nonfractured limbs were not found to be significantly different between the groups with use of parametric (p ‡ 0.22) (Fig. 1, e) or nonparametric tests (p > 0.19). The disease and injury burden of the fractured limb (one to two diseases and/or injuries, including the hip fracture) was not significantly different between the groups (p = 0.66). The disease and injury burden in the nonfractured limb was significantly higher (p < 0.05) in those without (zero to two diseases and/or injuries) than in those with (zero to one disease or injury) a consistent asymmetrical deficit.
Predicting an Asymmetrical Deficit in Knee Extension Torque, Rate of Force Development, and Leg Extension Power In the regression analyses, the asymmetrical measures of lowerlimb pain, lower-limb disease and injury burden, and lowerlimb muscle mass correlated significantly with the asymmetrical deficit in knee extension torque and rate of force development (Table III) . A smaller strength deficit on the fractured side was associated with more intense limb pain and higher disease and injury burden affecting the nonfractured limb relative to the fractured limb. Additionally, a smaller strength deficit on the fractured side was associated with lower muscle mass on the nonfractured side relative to the fractured side. The linear regression models explained 43% and 36% of the variation in the asymmetrical deficit in knee extension torque and rate of force development, respectively. Inclusion of potential confounding variables of age, sex, time since fracture, type of surgical fixation, and prescribed pain medication one at a time did not materially change the estimates.
An asymmetrical deficit in leg extension power was only related to the asymmetrical measure of lower-limb pain. A smaller deficit on the fractured side was associated with more intense pain in the nonfractured limb relative to the fractured limb. The regression model including all asymmetrical measures explained 16% of the variation, while inclusion of only asymmetrical lower-limb pain explained 11% of the variation in asymmetrical leg extension power deficit. When age was included in the first model only, the significance of the asymmetrical pain as a predictor of an asymmetrical deficit in leg extension power changed to p = 0.06. Inclusion of the other potential confounding variables did not materially change the estimates in the first or second model.
Discussion
A fter a hip fracture, muscle strength and power remain, on the average, lower in the fractured than in the nonfractured limb. Half of the subjects with a history of hip fracture had a consistent asymmetrical deficit on the fractured side an average of four years after the hip fracture. The other half had either no consistent strength deficit or a deficit on the nonfractured side. The strength deficit on the fractured side was likely to be reduced or even reversed in the presence of more intense pain or higher disease and injury burden in the nonfractured limb, resulting in poor muscle strength in both lower limbs. These results stress the importance of treating pain and injuries affecting the lower limbs to prevent decreases in muscle strength and power. Large asymmetrical deficits in muscle strength and power on the fractured side have been reported after a hip fracture 17, 23, 24 , even three to thirty-six months after the fracture. This study confirms that, on the average, an asymmetrical deficit on the fractured side is present in subjects who had sustained a hip fracture approximately four years earlier. However, only half of the subjects had a consistent asymmetrical deficit on the fractured side. A smaller asymmetrical deficit on the fractured side may not be an indicator of a better recovery from the hip fracture but, rather, a result of more intense pain and higher disease and injury burden affecting the nonfractured limb. Hip fracture patients with no consistent asymmetrical deficit on the fractured side tended to have poorer muscle strength and power in the nonfractured limb compared with those with a consistent deficit.
The results of this study suggest that lower-limb pain and lower-limb disease and injury burden (in this case, osteoarthritis and fractures) had an independent effect on an asymmetrical deficit in muscle strength. In accordance with our expectations, an asymmetrical deficit in all measures of muscle strength and power was associated with more intense pain in the same limb. A previous study by van Wilgen et al. 25 indicated that chronic, nonspecific pain in one limb was associated with lower muscle strength in the entire limb, indicating an asymmetrical deficit. We are unaware of studies indicating a similar relationship for muscle power. However, a general association between poor muscle power and musculoskeletal pain has been reported 11, 17 . In the present study, asymmetrical deficits in isometric knee extension torque and the rate of force development were also independently associated with higher disease and injury burden in the same limb. It is possible that more severe osteoarthritis and fractures cause larger deficits in limb muscle strength. Unfortunately, we had no data on the severity of the osteoarthritis. However, it is likely that those with more severe osteoarthritis reported higher scores on our pain measure. Although the type of fracture and surgical fixation of the hip fracture did not confound the results of our analyses, the effects of the severity and location of osteoarthritis and fractures affecting the limbs warrant further study.
A decrease in muscle strength may be caused by neural and muscular factors 6, 16 . Usually, changes in muscle mass are thought to occur over a long time span. Thus, in this group, long-term changes had taken place since muscle mass was reduced on the same side as the muscle strength deficit. One potential cause of the long-term change may be reduced activity or disuse of the limb 6, 7, 13 . A hip fracture is often associated with a subsequent fear of falling 13 , and knee osteoarthritis as well as pain have been associated with fear of movement and injury or reinjury 15, 32 . Fear and pain may lead to a vicious cycle of avoidance of certain activities 15 and thus to a decrease in muscle strength 15, 33, 34 . Although decreased muscle mass may mediate the pathway from lower-limb pain or lower-limb disease and injury burden to a muscle strength deficit 6 , this study shows that these factors also have an independent effect on the strength deficit. Pain, disease, and injury may also affect muscle strength and power through neural inhibition 10 . Three different measures of muscle strength were used in this study, and the results were slightly different for leg extension power. Lower-limb pain, lower-limb disease and injury burden, and lower-limb muscle mass explained an important portion of the variation (36% to 43%) in the asymmetrical deficit in knee extension torque and the rate of force development. However, lower-limb pain was the only factor related to an asymmetrical deficit in leg extension power, explaining 11% of the variation. Therefore, other factors are likely to play a role in leg extension power. Additionally, an asymmetrical deficit in leg extension power seemed to be present more consistently on the fractured side than did asymmetries in the other strength measurements. This may be due to the different nature of the isometric and power testing that involves rapid movement of a joint with a relatively large range of motion. Pain and neural factors may play a more important role in muscle performance involving articular movement 6, 16 . In relatively healthy older women, a large asymmetrical deficit in muscle power has been associated with mobility limitation 18 and with frequent 19 and injurious 20 falls. Hip fracture patients have markedly lower muscle strength and power in general 13, 17 and a larger asymmetrical deficit 17, 23, 24 than do relatively healthy older persons. Preventing decreases in muscle strength and power and the development of an asymmetrical deficit between the lower limbs may therefore be beneficial for mobility. Pain management and rehabilitation are thus very important in the treatment of disease or after an injury affecting the lower limb(s). Interestingly, it has been suggested that increasing muscle strength and power by resistance training may also reduce pain in osteoarthritis 35 . Supervised progressive resistance training is feasible and effective within a few months in healthy older women 28 , in frail older people 36 , and in clinical populations 35 , even shortly after surgery 37 or hip fracture 38 . In addition, it may be beneficial for mobility in people with mobility limitation [35] [36] [37] [38] [39] and may therefore be a potentially effective intervention when included in the rehabilitation protocol.
Generalization of the results of this study to all hip fracture patients may be difficult, considering that the participants were relatively healthy and well-functioning because of our inclusion criteria (a maximum age of eighty-five years, the ability to live in the community, and the ability to walk outdoors independently). Despite intensive recruitment, the sample size of the study was relatively small. Selective dropping out of patients with multiple medical problems or pain during the muscle strength assessments is likely to have weakened the relationships. Additional studies with larger sample sizes are needed to confirm the associations. Considering the crosssectional study design, the effects of changes and interventions in unilateral lower-limb pain or muscle strength deficit need further study. Considering that pain in this study was not directly related to the fracture, the associations found may apply to other groups of (frail) older people with comorbidities in the lower limbs as well.
In conclusion, aging is associated with a reduction in muscle strength, whereas pain, diseases, and injury affecting the limbs accelerate the loss of strength. Six months to seven years after a hip fracture, approximately half of the subjects in our study had a consistent asymmetrical deficit in muscle strength and power in the fractured limb. The other half of the participants either had no consistent strength deficit or had a strength deficit on the nonfractured side because of the more intense pain and higher burden of disease and injury affecting the nonfractured limb. Poor muscle strength in one lower limb may compromise mobility and balance; however, poor strength in both limbs may be more debilitating. The results of this study stress the importance of treating pain, disease, and injury affecting the lower limbs to prevent further decreases in muscle strength and power. Increasing muscle strength by intensive rehabilitation, including resistance training and pain management, may prevent or reduce limitations in mobility and balance that may lead to a loss of independence. n
